ABSTRACT. Objective. To compare the ages, by gender, at which normally developing children acquire individual toilet-training skills and to describe the typical sequence by which children achieve complete toileting success.
T he medical literature on toilet training is woefully deficient. Toilet training is a universally acquired skill for normally developing children, yet there is no information about the requisite skills that children learn sequentially, beginning with the signs of readiness and ending with successful completion of toileting.
Current pediatric literature stresses the importance of the child's readiness before initiating toilet training. [1] [2] [3] Despite this perceived importance, a commonly used developmental screening test in general pediatrics does not reference any specific toilet-training skills. 4 A critical review of the literature reveals 2 broad categories of readiness skills: global readiness skills, which include achievement of motor milestones (eg, sitting, walking), understanding and use of words for elimination, positive relationships with caregivers and the desire to please, identification with and imitation of parents and significant others, and the desire to be autonomous and master primitive impulses 2, 5 ; and specific toileting readiness skills, which include bladder control (eg, staying dry for 2 hours), physical awareness (eg, appearing uncomfortable in soiled diapers), and instructional readiness (eg, indicating a need to urinate). 3, 6 Several authors have stated that these skills are present by 18 to 24 months in normally developing children, yet normative data are lacking. 2, 7 The broad sequence of achieving toileting "milestones" has also varied across studies. For example, Brazelton studied upper-middle-class children in Cambridge, Massachusetts, and found that approximately 80% of children attained daytime control of bowel and bladder function simultaneously at an average of 28 months, with no difference between the genders. 8 In 12% of children, daytime bowel training occurred first; in 8%, bladder control was achieved first. Stein and Susser 9 noted that children who attended day nurseries in Lancashire, United Kingdom, typically acquired nighttime bowel control before daytime control and daytime bladder con-trol before nighttime control. Largo and Stutzle 10 studied upper-middle-class Swiss children and also noted that bowel control generally preceded daytime and nighttime bladder control. Even different authors in the same textbook have conflicting information on the sequence of bowel versus bladder control. 1 However, the sequence of steps (specific toilettraining skills including readiness skills) by which children normally acquire these milestones has never been studied in detail.
New information is needed because many frequently cited references on toilet training are decades old and the age at which children attain independence in toileting has increased steadily during the past century in industrialized countries for reasons that remain elusive. [11] [12] [13] [14] [15] [16] [17] Studies of toilet training provide little insight on this trend because of differences in sample composition, methods of training, cultural attitudes and beliefs, and definitions of and criteria for "completion" of the process. However, a review of the available literature during the past 50 years reveals a steady increase in age of attainment of daytime bowel and bladder continence from approximately 24 months in the 1950s to 36 to 39 months in the late 1990s. 8, [11] [12] [13] [14] [15] [16] [17] Health care providers must have an evidencebased understanding of the typical sequence and/or stages of development to guide parents and professionals in the management of children with both normal development and toileting-related difficulties. Unfortunately, the lack of recent studies, data on the typical sequence, and gender-specific differences fail to provide a firm foundation to guide practice. Ultimately at issue is accurate knowledge regarding the process by which toilet training occurs so as to determine which aspects of toilet training are influenced by environmental factors (eg, educational methods, parental expectations, different types of diapers) and which are mostly "biological" and dependent on physical maturation.
We undertook the Fundamentals of Toilet Training Study (FTTS) to address the need for an evidencebased understanding of toilet training. This study addressed the following research question: What is the age-specific chronology of toilet-training skills among normally developing children by gender?
METHODS

Overall Study Design
The overall design of the FTTS involved 5 phases. Initially, the recruitment phase included identification of interested parents of age-appropriate children, followed by determination of eligibility and obtaining informed consent. Then, parents filled out a mailed survey describing child and parent demographics. Next, parents returned to the clinic for an assessment of their child's cognitive development. The heart of the study was data gathering; parents filled out a training status survey (TSS) detailing their child's toilet-training behaviors each week for 12 to 16 months. Finally, data analysis was performed.
Participant Recruitment
Families were recruited into the FTTS (a descriptive longitudinal study) between October 1995 and August 1996. For making the results more generalizable, recruitment sites included 4 pediatric clinics in the greater Milwaukee metropolitan area (2 inner city clinics, whose populations are 60% Hispanic and 75% black, and 2 suburban clinics, whose populations are 70%-90% white). The study families represented a convenience sample of parents who responded to posters located in each clinic or were recruited by word of mouth from clinic staff or doctors or fellow study parents. Interested parents filled out an initial application. We made no attempt to ascertain reasons that parents chose to participate. Anecdotal reports, however, indicated that parents were often interested in finding out about their child's development or wished to be part of a clinical research study. Within 3 weeks, a research associate called each parent and administered a recruit screening survey. In an effort to capture the entire toilet-training process, we sought only those children who were not in toilet training. Therefore, at recruitment, parents classified their child's toilet-training status as not started, not currently training, in training, or training complete. No additional explanation was provided to the parent about these classifications, and no specific behaviors were assigned. Parents of eligible children gave informed consent.
Inclusion/Exclusion Criteria
Children were eligible for the study if their toilet-training classification was either not started or not currently training, parents planned to start toilet training within 3 months, and parents agreed to send in a TSS each week for 1 year. Inclusion criteria were child's age between 15 and 40 months at the time of the recruitment and English-speaking parent and child. The age range was selected to include the most common ages for toilet training. The upper age limit was chosen because the Bayley Scales of Infant Development II (BSID-II) has a ceiling age of 42 months. 18 Exclusion criteria were child currently enrolled in a program for developmentally delayed children, hospitalized for 10 or more days in the previous year, or having a congenital problem with bowel or bladder as these factors had the potential to delay the age of successful toilet-training skills. Also excluded from the study were children of parents who worked for an infant care product company or families who had participated in more than 3 market research studies involving diaper products in the last 6 months, as both populations could influence the use of diapers and the toilettraining process.
Sample
To achieve an enrollment goal of 300 participants, we obtained initial applications from 1003 individuals. During the eligibility screening process, 166 applications (17%) were rejected for the following reasons: 95 applicants could not be reached and 71 (7%) did not meet the inclusion criteria (25 were outside the age range, 20 had known developmental delay, 8 had frequent hospitalizations, 7 were involved in marketing research, and 11 others related to inclusion/exclusion criteria). Of the eligible participants, 52 parents (5%) refused to participate (15 gave no reason, 14 for parental scheduling conflicts, 23 for other reasons), 122 children (12%) did not complete the scheduled developmental assessment, 16 children (2%) were excluded because no toilet-training status was noted, and 380 children (38%) were already in toilet training or their toilet training was complete, leaving 267 (27%) children in the data set.
Demographic and Assessment Data
Child and parent demographic information was assessed using a background survey tool. Child demographic information collected included gender and age. Parental information surveyed included age, race, marital status/living arrangement, parental educational levels, hours per week each parent spent away from home, household income, index child's use of child care, and number of other children the parents had toilet trained.
Child Cognitive Assessment
Each child's cognitive development was assessed using the BSID-II. 18 After formal training by the same pediatric psychologist (including direct observation), 2 research associates, who were not blinded to the study data, administered and scored the BSID-II and verified information on the demographic surveys. BSID-II scores were reported in the standard method with a mental developmental index (a numerical score having a mean of 100 and a standard deviation [SD] of 15) and a descriptive classification of delayed (Ͻ1 SD), average, or accelerated (Ͼ1 SD).
Data Gathering, Survey Instrument, and ToiletTraining Behavior
Weekly data collection occurred from October 1995 through December 1997 with parents returning a weekly TSS for 12 to 16 months. Preliminary results revealed that more than half of the children were still not toilet trained after participating for 12 months, so the weekly data collection was extended an additional 4 months for those children who were not daytime toilet trained after 12 months. The FTTS TSS was developed, piloted, revised, and used for this project. This survey tool asked parents to rate their child's behaviors on 28 different toilet-training behaviors, eg, "stays dry during the day," on a 5-point Likert scale (1 ϭ never; 2, 3 ϭ sometimes; 4, 5 ϭ always) for that week. Twenty-six of the skills were common to both genders, and 1 skill was specific to each gender ("wipes urine effectively" for girls and "urinates while standing" for boys). We included the skill of "has a potty chair available," although it is more a parental behavior because it reflects a readiness of the parents to initiate toilet training. To anchor selected behaviors, parents rated the child in the following categories: number of accidents per day, number of times the child sat on the potty per day, and number of urine successes per day using a 5-point Likert scale and number of bowel movements (BMs) per day using a 4-point Likert scale.
The Human Rights Review Board at Children's Hospital of Wisconsin and the Human Research Review Committee of the Medical College of Wisconsin approved the entire protocol. Parents were reimbursed for their efforts after the initial developmental assessment, monthly and at the end of the study.
Outcome Measures and Statistical Analysis
The age at attainment of a specific toilet-training skill was calculated as the child's age at the week when the parent first rated the child's behavior as 4 or 5 for performing that skill. Categories 4 and 5 were grouped together because they indicated a reasonable mastery of that skill. For children who did not master a skill before the conclusion of the study, the age at attaining the skill is known only to be beyond their age at the end of the study period. In this case, the child's age at end of the study period was calculated and recorded as a censored measure of the exact age at attainment. Because for several skills, some children did not master the skills before the conclusion of the study period, the KaplanMeier method for estimating survival curves with censored data were used to estimate the 25th percentile, median, and 75th percentile of the age distribution for achievement of each skill. The log-rank test was used to compare age distribution at attainment of a skill.
The correlation between the Bayley mental index, use of child care, and the presence of siblings with the behavior "enters bathroom and urinates by self" stratified by gender was analyzed using repeated measures logistic regression.
To provide a behavioral anchor for our weekly toilet-training status items, we did a correlation between the daily behaviors of "number of accidents," "sits on potty," "urinates in potty," and "has a BM in potty" with the weekly behavior of "stays dry for 2 hours." Because each child has a number of weekly status reports, violating the assumption of independent observations, the correlation was done for each child first. The resultant nonparametric Spearman rank correlations were then summarized using the median and central interval excluding the lower 5% and upper 95%. P values were not as helpful because the large sample size makes small correlations significant. The statistical software SAS (Version 8.0; SAS Institute, Inc, Cary, NC) was used for analysis, and statistical test significance was set at the .05 level.
RESULTS
The demographics of the study population are presented in Table 1 . Participating families returned 10 741 weekly training status surveys (mean: 40.2; median: 49; range: 1-73).
For the girls, the mean age at the start of the study was 23 months. The girls' median ages and the interquartile ages (the ages when 25% vs 75% of the children acquired the skill) rank ordered by the median ages for each of the 27 skills are shown in Fig 1. On average, the earliest skill to emerge for girls was "stays BM free at night" (22.1 months), whereas the latest skill acquired was "wipes poop effectively" (48.5 months). The median ages, confidence intervals (CIs), and the number of girls who acquired that skill are shown in Table 2 . The median age when parents rated their girls as "stays dry during the day" was 32.5 months (95% CI: 30.9 -33.7). The median age when girls could independently enter the bathroom and urinate by themselves was 33.0 months (95% CI: 31.2-34.4). The interquartile ranges varied from 6.9 to 11.4 months for girls for the age at acquiring each skill. There were not enough children who attained the skill of "wipes poop effectively" to be able to determine the 75th percentile for girls or boys.
For boys, the mean age at the start of the study was 25 months. The boys' median ages and the interquartile ages for each of the 27 skills are shown in Fig 2. On average, the earliest skill to emerge for boys was "understands potty words" (24.5 months), whereas the latest skill acquired was "wipes poop effectively" (45.1 months). The median ages, CIs, and the number of boys who acquired that skill are shown in Table 2 . The median age when parents rated their boys as "stays dry during the day" was 35.0 months (95% CI: 33.3-36.7). The median age when boys could independently enter the bathroom and urinate by themselves was 37.1 months (95% CI: 35.0 -38.6). The interquartile ranges varied from 7.5 to 14.6 months for boys for the age at acquiring each skill.
The median ages, CIs, and significance levels comparing girls and boys for each of the 28 skills are presented in Table 2 . Overall, girls attained toilettraining skills at younger ages than boys in all categories except "flushes toilet by self" and "washes hands by self." The 1 skill in which boys achieved success at an earlier age was "wipes poop effectively by self." The skills that showed the greatest differences in median ages between girls and boys were "enters bathroom and has a BM by self" and "sits on potty when placed for 5 minutes" at 5.0 and 4.5 months, respectively. There was a marked concordance between the girls and boys in the order in which the 26 skills common to both genders are attained. Only 2 skills showed a rank order difference of 3 positions between the girls and boys: flushes toilet by self (10th for girls and 6th for boys), although the median ages varied by only 0.2 months, and tells during or after urinating (11th for girls and 14th for boys), for which median ages varied by 4.2 months. There was no correlation between the Bayley mental index, presence of siblings, or the use of child care with the outcome "enters bathroom and urinates by self" for either girls or boys.
The correlation between the daytime behaviors of number of accidents, times sitting on the potty, urinations in the potty, and BMs in the potty with the weekly skill of "stays dry for 2 hours" is shown in Table 3 . As the ratings for "stays dry for 2 hours" increased, the median ratings for 3 of the 4 daytime behaviors increased, whereas the number of accidents per day decreased.
DISCUSSION
This is the first study to document the sequential acquisition of the entire range of toilet-training skills in normally developing children. As has been noted in some previous studies of toilet training, we found that girls acquire specific skills at earlier ages than boys in almost every category. 8, 15, 16, 19 One obvious explanation is that girls' physical and language skills mature sooner than boys'. Another explanation is that parents may initiate toilet training girls at younger ages than boys, and the practice at an earlier age leads to earlier acquisition of skills.
Contemporary literature has maintained that toileting readiness skills typically develop between 18 and 24 months of age. [1] [2] [3] Our data challenge this conventional wisdom. In only 2 of the 11 readiness skills were the median ages for girls less than 24 months of age: "stays BM free overnight" (22.1 months) and "understands potty words" (22.8 months). The median ages for boys were over 24 months in all 11 readiness criteria. Although some boys and girls acquire readiness skills before their second birthday, most do not. As practitioners advocating that parents wait until their children are ready to start toilet training, we should now revise our ages upward to 22 to 30 months when children are typically ready for toilet training.
The marked concordance in the sequence of attaining toilet-training skills between girls and boys should help providers to counsel parents about expected norms for children to master toilet-training skills. Early toileting skills tend to be readiness skills: "understands potty words," "shows an interest," "tells during or after having a bowel movement," "stays dry for 2 hours," and "indicates a physical need to go." Middle toilet-training skills involve many self-help skills that can be taught to children: "flushes toilet by self," "washes hands," and "pulls training pants up and down." Late toilet-training skills show major strides in toilet-training completion: "uses a regular toilet," "stays BM free during the day," "tells before having to urinate," "stays dry during the day," "enters bathroom to urinate or have a BM," and "stays dry overnight."
Our data add to the current information about the sequence of bowel and bladder control. Nighttime bowel control is an early toilet-training skill, whereas nighttime urine control is one of the last skills to develop for both genders. Although girls achieve daytime bowel and urine control at younger ages than boys, there is no statistically significant difference between the ages at attainment of daytime bowel control versus daytime urine control within each gender. Interquartile ranges vary from 7.9 to 12.3 months for the 4 skills and are especially noticeable in the skill of "waking up dry overnight" for which the interquartile range is 9 months for girls and 12 months for boys. The considerable overlap in the ages at acquiring daytime bowel and urine control helps to explain the wide variation in individual acquisition of skills and accounts for the conflicting reports in the literature. 1, 8, 10 The reasons for the wide interquartile ranges of ages in acquiring the skill "enters bathroom and urinates by self" remain elusive. Our study shows that developmental ability among normal children is not critical. Even parental experience with a previous sibling was not predictive. Parents can be reassured that child care use does not seem to affect the acquisition of toilet-training skills as also noted by others. 15, 16 At present, we are not able to predict which child will toilet train at a younger age. Our study has several limitations, including 3 for the outcome measure. First, outcome measures rely on parental report of a global score. As with other rating scales, there can be variability in which rating each parent may assign to particular behaviors. Second, behavioral anchors are not assigned to a particular rating for each skill achievement. However, Table 3 shows that the correlation between 4 behaviors, eg, the number of successful urinations in the potty with "stays dry during the day," is excellent. Third, some children entered our study at young ages and may not have even reached the ages for the 75% for some of the skills. Another limitation is that the parents of our study children were highly educated, affluent, and mostly of white race. We had difficulty recruiting minority children. One reason was that many black children were already in the process of toilet training by 15 months of age, our lower age limit. Minority children successfully achieve toilet training at earlier ages, 16, 19 so it is reasonable to assume that they would acquire specific toilet-training skills at earlier ages than white children. Addi- tional research is needed to evaluate black children but must focus on children younger than 15 months. The findings represent an American approach, as children are toilet trained at younger ages in other cultures. 17, 21, 22 Also, even with 267 children enrolled, compliance in returning weekly reports was not perfect. We had 2 groups of families. Some were exceptional at returning surveys with half sending in more than 50 surveys, whereas 15 families sent in fewer than 10 weekly surveys. Finally and curiously, the category of number of accidents per day created some unanticipated difficulty. Many parents believed that an accident occurs only when children are out of diapers, so the number of accidents did not turn out to be a reliable indicator early in the toilettraining process.
CONCLUSION
Pediatricians should continue to emphasize the importance of readiness for the initiation of toilet training. The ages when children achieve typical readiness skills, now in the range of 22 to 30 months, is older than previously reported. We now have information about the usual sequence that children follow along the toilet-training continuum, so practitioners can provide normative data and counsel parents of children who are having toilet-training difficulty. It is hoped that additional research will lead to a toilet-training progress scale that can be used both to assess where a child is along the toilettraining continuum at any given time and to compare data from different research studies. In addi- * Scale: 1 ϭ zero, 2 ϭ one to two, 3 ϭ three to five, 4 ϭ six to eight, 5 ϭ nine or more. † Scale: 1 ϭ zero, 2 ϭ one, 3 ϭ two, 4 ϭ three or more. ‡ Median correlation among participants between toileting behaviors and weekly status for "stays dry for at least 2 hours," over the course of study for an individual's repeated weekly status assessments.
tion, research is needed to examine the natural history of how rapidly children progress once actively in toilet training, which techniques are most effective in helping children acquire toilet-training skills, and what influences racial differences in toilet training.
